Summary.-Insoluble concanavalin A and wheat germ agglutinin (WGA) were found to bind to carbohydrates on radio-labelled carcinoembryonic antigen (CEA). Binding by WGA was inhibited both by N-acetyl D-glucosamine and fragments of antibody to CEA, but was increased by intact antibody to CEA. This suggests that WGA binds to exposed N-acetyl D-glucosamine determinants on 125I CEA and also on antibody molecules. It also suggests that 1251 CEA contains binding sites for anti-CEA which contain N-acetyl D-glucosamine as well as others which do not. Molecules of 1251 CEA which bound to the insoluble lectins were more antigenic for anti-CEA than unbound molecules. These results suggest that the principal antigenic site on CEA contains N-acetyl D-glucosamine and may help to explain the agglutination of tumour cells by lectins.
Summary.-Insoluble concanavalin A and wheat germ agglutinin (WGA) were found to bind to carbohydrates on radio-labelled carcinoembryonic antigen (CEA). Binding by WGA was inhibited both by N-acetyl D-glucosamine and fragments of antibody to CEA, but was increased by intact antibody to CEA. This suggests that WGA binds to exposed N-acetyl D-glucosamine determinants on 125I CEA and also on antibody molecules. It also suggests that 1251 CEA contains binding sites for anti-CEA which contain N-acetyl D-glucosamine as well as others which do not. Molecules of 1251 CEA which bound to the insoluble lectins were more antigenic for anti-CEA than unbound molecules. These results suggest that the principal antigenic site on CEA contains N-acetyl D-glucosamine and may help to explain the agglutination of tumour cells by lectins.
CARCINOEMBRYONIC antigen (CEA) is a glycoprotein extracted and purified from human colonic carcinomata (Gold and Freedman, 1965a, b) . Radioimmunoassays hlave detected elevated levels in sera of patients with certain non-malignant as well as malignant diseases (Thompson et al., 1969; Moore et al., 1971; Lo Gerfo, Krupey and Hansen, 1971 ). However, the antigens which have been used for this purpose may consist of heterogenous molecules as different components have been identified on isoelectric focusing (Rule and Goleski-Reilly, 1973) . Further, the CEA molecule has a high molecular weight (200,000 daltons) and might be expected to contain several different antigenic sites. This is supported by reports of cross reactivity with blood group substances and other tissue antigens (Mach and Pusztaszeri, 1972; Vron Kleist, Chavenal and Burtin 1972; Orjasaeter, Fredrikson and Liavag, 1972; Gold et al., 1973; Holburn et al., 1974; Tomita, Safford and Hirata, 1974) .
It seems apparent that the specificity of assays for CEA might be improved if the principal antigenic sites could be identified and separated from cross reactive binding sites. Banjo et al. (1972) obtained heterosaccharide fragments of CEA by hydrolysis. Four fractions with antigenic activity were identified: each contained N-acetyl glucosamine but the most immunoreactive fragment also contained mannose. No other carbohydrates were detected. In a subsequent report, digestion of CEA with the proteolytic enzyme nagase resulted in immunologically active glycopeptides (Banjo et al., 1974) . N-acetyl D-glucosamine was present on all the fragments which were antigenic. It was therefore suggested that N-acetyl D-glucosamine might be present in the major antigenic site on CEA.
Lectins bind to specific carbohydrates and binding can be inhibited by appropriate monosaccharides (Sharon and Lis, 1972) . Concanavalin A (Con A) binds primarily to x-D-mannopyranosides and x-D-glucopyranosides,whereas wheat germ agglutinin (WGA) binds to N-acetyl Dglucosamine. In view of the observations of Banjo et al. (1972 Banjo et al. ( , 1974 , these lectins were used to investigate the relationship between carbohydrate determinants on intact CEA molecules and antigenicity.
MATERIALS AND METHODS
Con A and WGA were both obtained in insoluble form, coupled to sepharose beads (Miles Laboratories, Kankakee, Ill.). Purified CEA was provided by Dr P. Gold, Montreal General Hospital and labelled with 125J using chloramine T as oxidant (Hunter and Greenwood, 1962) . A specific goat antiserum to CEA was kindly provided by Dr C. Todd, City of Hope National Medical Center, California.
Binding of the insoluble lectins to the 1251 CEA was determined directly using assays similar to those used to demonstrate binding of globulins to 125I CEA (MacSween, Warner and MacKay, 1973) . In the present study, 15 ,d aliquots oflectin coated sepharose were suspended in 10 ,ul Tris buffer 0 * 01 mol/l pH 7 * 4 to which was added calcium chloride 0-14 mg/ml and magnesium sulphate 0-01 mg/ml. Stanworth (1960) . Ten mg of IgG protein was added to 0 * 5 mg of trypsin and 12mg of cysteine in I ml of 0 1 mol/l Tris buffer pH 7 * 4 containing 0 * 005 mol/l calcium chloride (Asahi et al., 1966 The tubes were held at room temperature for 2 h with gentle agitation, centrifuged at 1500 g and the eluted 125I CEA in the supernates were used in subsequent binding assays with antiserum to CEA. Binding by anti-CEA was determined as described previously (MacSween et al., 1973) .
RESULTS
The results of binding of 125j CEA by insoluble Con A and WGA are shown in Table  II and is compared with binding of uncomplexed 125I CEA. Binding by both lectins was still increased when the 125I CEA was complexed with antibody. Binding by the lectins was not increased when normal goat serum was substituted for goat antiserum to CEA.
After digestion of anti-CEA IgG with trypsin, 2 peaks of small molecular weight protein were eluted from a Sephadex G-100 column compared with a single excluded peak before digestion with trypsin. 1251 CEA was complexed with the trypsinized anti-CEA after adsorption by the insoluble lectins. Binding of the complexed 1251 CEA by insoluble Con A and WGA was then compared with binding of uncomplexed 1251 CEA. Binding by Con A was slightly reduced from 62% to 54% by the trypsinized anti-CEA and binding by WGA was reduced from 25% to 14%. The latter represents 44% inhibition of binding. Normal goat serum processed in a similar manner resulted in inhibitions of 5%.
The antigenicity of 1251 CEA which did not bind to insoluble Con A and WGA was compared with 125I CEA which did bind and was eluted with carbohydrates. The binding of both fractions of 1251 CEA to the same concentrations of antiserum to CEA is shown in Table III . 125I CEA which failed to bind to either WGA or Con A was less antigenic for anti-CEA. In contrast, 1251 CEA eluted from the insoluble lectins had increased binding activity for anti-CEA.
DISCUSSION
These results suggest that concanavalin A and wheat germ agglutinin bind (Banjo et al., 1974) . However, this lectin also binds to glucopyranosides (Sharon and Lis, 1972) , so that binding of CEA may not be restricted to mannose. Wheat germ agglutinin is more specific in that it appears to bind significantly only to N-acetyl D-glucosamine (Burger and Goldberg, 1967; Sharon and Lis, 1972 It is of interest that soluble blood group substances containing H and A activity completely inhibited binding by WGA. CEA has a site which is antigenically similar to blood group A substance (Gold et al., 1973) , although the terminal sugar of blood group A, N-acetyl D-galactosamine, is absent or present in very low concentration in CEA (Banjo et al., 1972) . The inhibition of binding between WGA and CEA by the soluble blood group substance raises the possibility that WGA binds to N-acetyl D-glucosamine in the blood group A-like site on CEA.
Complexing of 125I CEA increased rather than inhibited binding by Con A and WGA. This suggests that the lectins bind to carbohydrates exposed on the antibody molecules. Attempts to abrogate this effect by the prior adsorption of anti-CEA with the insoluble lectins failed to reduce the increased binding of the complexes. This raises the possibility that the lectins bind to carbohydrate determinants exposed after complexing of the antibody with antigen.
Binding (Gold et al., 1973; Rule and Goleski-Reilly, 1973) . The question of which fraction of 125J CEA was more antigenic for anti-CEA was investigated by comparing the binding of anti-CEA to the 1251 CEA fraction which bound to the lectins, with that which did not. In each case it was apparent that the 1251 CEA molecules which bound either Con A or WGA were more antigenic than those which did not. While this could be explained by changes in conformation of poorly antigenic molecules so that carbohydrates were not exposed, it also suggests that binding sites for anti-CEA which do not contain N-acetyl D-glucosamine are less antigenic than those which do.
The demonstration that Con A and wheat germ agglutinin bind to CEA raises the possibility that agglutination of tumour cells by lectins is related to the exposure of CEA-like glycoproteins on the surface of these cells.
We thank Dr P. Gold (Montreal General Hospital) for a gift of purified CEA, Dr C. Todd (City of Hope National Medical Center, Duarte, California) for a gift of anti-CEA, Mr S. Eastwood for technical assistance, and Miss J. Stewart for secretarial assistance. This work was supported by the Medical Research Council of Canada.
